Abstract: Social Security's long-run financing shortfalls have led to a vigorous public debate about alternative proposals for restoring the system to a permanently sustainable fiscal path. One approach is to reduce the rate of benefit growth by changing the way that initial benefits for new recipients are calculated so that they rise with inflation rather than with wage growth. This paper explains four different methods of changing from a "wage indexed" to a "price indexed" system. The choice of price indexing method entails tradeoffs in policy objectives, as each approach has different effects on the fiscal sustainability of the system, the level of benefits and replacement rates, the extent of redistribution, and the sensitivity of system finances to demographic and economic assumptions, among other issues. Of the four methods that we examine, PIA Factor Indexing would result in the largest cost savings by leading to the largest reductions in future replacement rates. It does so in a manner that changes the benefit growth rate by a roughly equal amount for all earnings levels. Methods that index the AIME, the formula "bend points," or both, would reduce benefit growth at a slower rate than PIA Factor indexing and would have different effects on benefit distribution and system sustainability.
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An original intent behind Social Security's Old Age and Survivors insurance program was, according to President Franklin Roosevelt, to provide "some measure of protection for the average worker and his family against the loss of a job and against poverty-ridden old age." 1 Enacted during the depths of the Great Depression, Social Security was in large part a response to economic and social changes that had left many older Americans without sufficient resources to keep out of poverty in old age. As the program has evolved over the following seven decades, the benefit calculation has been modified numerous times, often in pursuit of multiple social policy objectives.
There are at least three policy goals embedded in the current benefit formula, which has been in place since the 1970s. First, the benefit formula is structured in such a way as to maintain a relatively constant ratio of benefits to pre-retirement earnings, known as a "replacement rate," across successive cohorts of retirees.
2 For example, the average retiree today receives benefits equal to roughly 40 percent of his earnings, which is quite similar to the replacement rate projected for the average retiree thirty years hence. 3 This replacement rate approach is achieved by indexing the benefit formula to wage growth. Thus, when average wages in the economy grow over time, initial benefit levels available to new retirees grow roughly in tandem.
A second goal of the system has been to maintain a progressive benefit structure, such that poorer recipients receive relatively more benefits as a percentage of their lifetime taxable 1 President Roosevelt's Message to Congress, Transmitting The Report Of The Committee On Economic Security, January 17,1935 2 It is worth noting that the replacement rate at the normal retirement age has fluctuated considerably over the years, fluctuating between 15 percent and 30 percent from 1940 through 1969, before rapidly climbing above 40 percent by 1975. Over the past 30 years, the replacement rate has fluctuated between 38.7 percent and 51.7 percent. For the full history, see Table VI .F10 of the 2005 Trustees Report, available at http://www.ssa.gov/OACT/TR/TR05/lr6F10-2/html. For an alternative perspective on the comparison between past planned and current replacement rates, please see Robert J. Myers (1993), Social Security, Appendix, 3-5, pp. 361-365. 3 2004 OASDI Trustees Report Table VI: F11. The medium scaled workers is projected to receive 42.5 percent of income in 2004 and 41percent in 2035 given they retire at the normal retirement age.
earnings than do higher income individuals. In pursuit of this goal, a non-linear benefit formula has been used to provide a higher replacement rate for individuals with lower average earnings over their lifetimes. Of course, a spate of recent academic papers have called into question the degree of income progressivity that the current Social Security system actually achieves in practice (Coronado, Fullerton and Glass 2000; Gustman & Steinmeier 2001; Liebman 2002; Steuerle, Carasso, and Cohen 2004) . These papers highlight the shortcomings of analyzing progressivity based solely on a comparison of the annual replacement rate based on individual earnings. Nonetheless, the non-linear benefit formula is one relevant input into the overall progressivity of the system.
A third goal of the Social Security's benefit structure is to reduce the OASDI system's sensitivity to the unpredictable but inevitable deviations from economic and demographic projections. Because benefit levels and tax revenues are both linked to average wage growth, unanticipated changes to overall wage levels have a smaller effect on the net fiscal balance of the system than would be the case if these linkages did not exist.
Of course, policy decisions about the desired level and distribution of benefit levels and replacement rates have fiscal implications for the Social Security system, the overall federal budget, and the U.S. macro economy. It is now widely understood that the existing combination of benefit levels and tax rates is not fiscally sustainable and that some combination of benefit and tax changes are required to balance Social Security's finances over the long-run. In response to large forecasted deficits, there have been numerous proposals in recent years to change the way that benefits are calculated. One idea that has received a tremendous amount of public attention, due largely to its prominence in the 2001 report of the President's Commission to Strengthen Social Security, 4 is to change the way that initial benefits are calculated so that real benefit levels, rather than replacement rates, are relatively constant over time. This proposal is popularly referred to as "price indexing," though the Commission adopted just one of several potential variants. While price indexing future benefits is only one of many possible approaches to help restore long-term fiscal balance to Social Security, its prominence in the recent debate motivates this paper.
At the heart of the debate over what the benefit formula should look like in future years are three questions. First, should benefits be designed to furnish a constant real level of purchasing power, or should they furnish a level of purchasing power relative to average wages at the time? Second, how will any changes to the benefit formula affect the extent of redistribution across individuals with different lifetime earnings? Third, given the demographic changes that are leading to projected program expenditures rising faster than tax revenues and faster than GDP, how can these prior two policy goals be met while also securing long-term solvency of the program?
The primary purpose of this paper is to examine the effect of price indexing on benefit levels, replacement rates and fiscal sustainability. To do so, it is important to distinguish between several alternative definitions of what it means to "price index" initial Social Security benefits. In particular, we distinguish four alternative approaches to price indexing benefits: 1)
Indexing lifetime earnings (AIME Indexing); 2) indexing the formula bend points (Bend Point Indexing); 3) combining AIME and Bend Point Indexing; and 4) indexing the PIA factors (PIA Factor Indexing). We estimate the effects of each of these four approaches on benefit levels and replacement rates over time and across the AIME distribution. We also report projections from impact on the program's long-term actuarial deficit. We also discuss some of the trade-offs for policymakers that are involved in each of the approaches.
This paper proceeds as follows. In section one, we briefly explain how retirement benefits are calculated under the present law, which is commonly referred to as a "wage indexed" system. In section two, we explain why, as a result of demographic changes, the existing system is not fiscally sustainable without a reduction in scheduled benefits and/or an increase in revenue. The four alternative methods of "price indexing" benefits are explained in section three. Sections four, five, and six explore the effect of these alternative forms of price indexing on average benefit levels, redistribution, and system financing respectively. 5 Section seven summarizes the policy trade-offs and implications for each price indexing approach.
Section eight concludes.
How Retirement Benefits are Calculated Under Present Law
Under present law, an individual's Social Security retirement benefit is a non-linear function of a worker's average lifetime earnings, with the earnings in each year adjusted for average wage growth in the economy. The non-linearity of the benefit formula is what gives rise to redistribution across lifetime earnings groups.
Calculation of the benefit begins by computing a worker's Average Indexed Monthly Earnings (AIME). Throughout an individual's working life, the Social Security Administration keeps track of his or her covered earnings in that year. To calculate the AIME, nominal earnings 5 A note on the data and methodology used in this paper: Figures reflecting the change in benefits from the four price indexing options referenced in the text and shown in the tables at the end of this document were computed by the authors and are based on assumptions in the 2004 Report of the OASDI Trustees, the most recent report that was available when the main data for this paper was compiled. This formula can be seen graphically in figure 1.
As an example, if a worker has an AIME of $1,000, then his PIA would be $684 ($627 multiplied by 90 percent, plus $373 by 32 percent). The two dollar-values where the slope changes ($627 and $3,779) are referred to as the "bend point dollar amounts," or just "bend points." The 90, 32 and 15 percent replacement rates are referred to as the "bend point factors,"
although to distinguish these components of the formula from the bend point dollar amounts, we will refer to them throughout this paper as the "PIA factors". The net result of this AIME-PIA calculation and the annual indexation of the bend points is that the initial benefit level is indexed to wage growth, whereas retirement benefits after age 62 are linked to inflation. Because wages typically rise faster than prices, real benefit levels tend to increase from one cohort to the next. Because the formula for calculating benefits adjusts both earnings and the bend points to reflect average wage increases, Social Security benefits rise over 8 For the cohort turning age 62 in the year 2005, the FRA is 66 years. In the year 2017, the FRA is scheduled to begin rising again, reaching age 67 in year 2022. 9 The actuarial adjustment for early retirement is known as the "early retirement reduction" while the adjustment for later retirement is known as the "delayed retirement credit. future, assuming average real wage growth, would be lower down the earnings distribution in the future than they are today. If a policy goal is to redistribute from high AIME to low AIME individuals within the same cohort, then the $25,000 earner in the future should benefit more from the progressive benefit formula than a similar worker today.
The Fiscal Sustainability of the Existing Benefit and Tax Structure
According The presence of this funding gap has generated a number of proposals to change the structure of the system and to adjust the growth of future benefits, among other considerations.
One provision that has been the subject of considerable attention is what is known as "price indexing." The following section explains four different assumptions about price indexing and draws distinctions between different methods of shifting from a wage indexed to a price indexed benefit system.
Alternative Methods of Price Indexing Social Security
There are a wide range of reform options available that could help restore Social Security's long-term financing, including changes to both taxes and benefits. 12 One particular reform proposal that has received substantial attention from policy makers, in part due to its inclusion in the final report of the 2001 President's Commission to Strengthen Social Security, involves switching from a "wage indexed" system (i.e., present law) to a "price indexed" system.
The logic of this approach is to shift from a system where benefits are meant to keep pace with the relative standard of living to one that keeps up with the cost of living (Koitz, 1999) . Under price indexing, replacement rates would decline, although the real purchasing power of benefits would be maintained.
What exactly constitutes "price indexing" has been the subject of some disagreement.
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This debate has arisen in part due to the variety of price indexing proposals that have been recommended over the last thirty years of Social Security debates, and in part due to the multiplicity of ways that the formula or parts of the formula can be adjusted to achieve various policy objectives.
For example, roughly 25 years before the 2001 President's Commission, when the Congress was in the midst of creating the current benefit structure, the Consultant Panel on Social Security, chaired by William Hsiao, recommended calculating and increasing the growth in benefits on the basis of a form of "price indexing" (Diamond et al 1976) . Still different 12 Nearly every reform option that addresses the fiscal shortfall can be characterized as a change in taxes (including changes to the tax base and/or the tax rate) or as a change in benefits. For example, increasing the Full Retirement Age is analytically equivalent to a reduction in benefits at all ages. One possible exception is that changes in coverage, such as including state and local workers that are not currently covered by Social Security, is not easily classified as a change in benefits or taxes. These proposals reflect the fact that prices and wages enter into the current benefit computation in multiple places. For example, along the path from converting lifetime nominal wages into an actual retirement benefit, the average wage index (AWI) is used to index an individual's wages prior to computing the AIME and is also used to adjust the two bend point dollar amounts in the PIA formula. Thus, one form of "price indexing" would involve indexing each worker's earnings to age 60 by prices. A second would change the indexation of the bend point dollar amounts. A third involves the combination of these two. 14 A fourth approach that has emerged in more recent years would reduce the PIA factors, which have remained fixed since 1977, by the ratio of the change in prices to wages.
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In this section, we explain how each of these approaches works. A visual illustration of how these alternative approaches affect the calculation of benefits is provided in figure 3 . In later sections, we examine the implication of each alternative approach for benefit levels, replacement rates, and fiscal sustainability.
Method 1: AIME Indexing
14 Goss, ibid. 15 Goss, ibid. Goss, Stephen C., and Alice H. Wade, 2000.
The current Social Security system indexes a retired worker's past earnings to the average wage level in the year the retired worker turns age 60. Under AIME indexing, earnings would gradually be indexed to the level of prices at age 60. Indexing by prices expresses each prior year's wage in terms of the quantity of goods and services it could purchase at the time of retirement, while indexing by wages expresses each prior year's wage in terms of what the wage would be if the worker were employed in a similar job at retirement (Thompson, Van de Water, and Ross, 1976) .
Because wages tend to grow faster than prices, this would likely result in lower AIME amounts for future retirees. To illustrate, recall that a worker earning $5,572 in 1968, under the current law wage indexing formula, would receive credit for earning $33,252 in that year. If we instead use price-indexing when calculating an AIME, this $6,000 would lead to a credit of only $28,036 in earnings. 16 Since the system currently indexes individual earnings by economy-wide wages, shifting gradually from wage-indexing to price-indexing would produce a prolonged but ultimately one-time reduction in scheduled benefits. After approximately 40 years, a retired worker's lifetime earnings would be fully price indexed.
As discussed by Thompson et al, (1976) At a more pragmatic level, a shift from wage to price indexing of earnings entering the AIME calculation would put greater weight on earnings that occurred later in a worker's life.
Thus, such a shift would decrease the portion of Social Security benefits going to those whose relative earnings decline over time, i.e., those with age-earnings profiles that are flatter than average. For example, individuals who forego higher education to enter the labor force early would receive a smaller share of overall benefits than individuals that pursue higher education and whose earnings rise more steeply over their lifetimes.
Method 2: Bend Point Indexing
The second method would alter the PIA bend points instead of the AIME calculation.
Bend Point Indexing would adjust the bend point dollar amounts in the PIA formula annually by the change in prices rather than the change in average wages. Because the bend points are designed to contribute to the progressive structure of the benefit formula, the indexing of the bend points to prices instead of wages would reduce, over a considerable period of time, the progressive design of the PIA formula. Indeed, if the AIME calculation continued to be based on wage indexed earnings, while the bend points were indexed to prices, then in the long-run the system asymptotes toward a linear benefit structure. That is, the benefit would approximate an equal proportion of past earnings for all retirees regardless of their lifetime earnings.
Method 3: Bend Point/AIME Indexing
Bend Point/AIME Indexing would combine the above two methods. Thus, earnings would be indexed to prices instead of wages when calculating the AIME, and then this revised AIME would be fed through a PIA formula that indexed the bend point dollar amounts to prices.
As in method 1, the AIME indexing portion of this method would cease affecting benefits after about 40 years, leaving only the bend point indexing. After that phase-in period, the method would be identical to Bend Point Indexing in terms of future growth.
Several advisory commissions in the 1970s considered moving from the current wage indexed benefit formula to one based upon Bend Point/AIME indexing. The 1976 Consultant
Panel on Social Security to the Congressional Research Service made this recommendation, calling it "fair and necessary" based upon the projected increase in costs and in real benefit levels inherent with maintaining a wage indexed benefit formula into the future (Diamond, Hickman, Hsiao, and Moorhead, 1976, p. 23) . "While the price indexing method implies protection from inflation and a growth in benefits with the real growth of the economy, the wage indexing method calls for a much larger growth in benefits for future retirees at a time when the country may not be able to afford it. Use of the price indexing method would permit moderate tax and benefit increases to aid those recipients with greatest need as perceptions of those needs arise" (Diamond, Hickman, Hsiao, and Moorhead, 1977) .
Similarly, five of the 13 members of the 1979 Advisory Council on Social Security recommended a future shift from wage indexing to AIME/Bend Point Indexing, in order to "assure successive generations of retirees who have the same real earnings history the same real benefit." The Advisory Council members favoring this shift cited two reasons. First, "future Congresses will be better equipped than today's Congress to determine the appropriate level and composition of benefits for future generations." Congress could still choose to increase benefits versus this price indexed level, and the Council members believed it was likely to do so, but argued that such decisions should be made at the time rather than pre-determined through the benefit formula. Second, "as per capita income rises, the cause for increase the amount of mandatory 'saving' for retirement and disability through Social Security is far weaker than was the rationale for establishing a basic floor of retirement and disability protection…" (Aaron et al 1979) .
While the combining of AIME and Bend Point price indexing would slow to some degree the gradual flattening of replacement rates that would occur under Bend Point Indexing alone, the ultimate effect of combining AIME and Bend Point Indexing would be quite similar (Goss, 1999) .
Method 4: PIA Factor Indexing
Under PIA Factor Indexing, the AIME and bend points would continue to be wage indexed as under current law, but the 90 percent, 32 percent and 15 percent factors would be reduced by the ratio of the change in prices to the change in wages. In practice, this method would multiply each PIA factor by the ratio of price growth to nominal wage growth in the second year prior to the retiree's first year of eligibility. The effect would be to freeze the level of benefits in inflation-adjusted terms, while maintaining roughly the same degree of treatment of different wage levels as the current benefit formula. Indexing the PIA factors would lead to the average initial benefit level being fixed in real terms over time. Interestingly, none of the previous approaches leads to this outcome. The PIA Factor price indexing method, when applied to the entire benefit formula as suggested by the President's Commission, would result in retirement benefits that increase by the actual cost of living for beneficiaries, but not above that rate. Therefore, it would reduce replacement rates over time because benefits would no longer keep up with wage growth in excess of price growth. In the very long run, as wages grow faster than prices, average replacement rates under this approach asymptote toward zero, as do the payroll tax rates required to keep the system in annual fiscal balance. However, it should be noted that, occasionally, inflation rises faster than wages (as in 2001 and 2002) . During these years the PIA factors for that year's retirees would actually increase, resulting in an increase in benefits relative to wage indexing. Trustees' assumptions. Of course, Social Security does not currently have the legal authority to pay this level of benefits after 2041, the year in which the trust funds are exhausted, and this is reflected in the third column labeled "payable benefits." In comparing benefit levels across approaches, it is important to keep in mind that higher benefit levels generally correspond with higher tax burdens on workers. Further analysis of the fiscal effects will be discussed in section 6 below. AIME indexing, shown in the fourth column, would slow the real rate of growth to a low of about 0.4 percent per year, before returning to the growth rate under current law (about 1.1%).
Effect of Price Indexing on Average Benefit Levels
The growth in benefits from year to year under AIME indexing returns to the level of current law because after approximately 40 years, one's earnings would all be indexed to prices and the change from one cohort to the next would essentially be the difference between the each cohort's wages. Bend point dollar amount indexing, shown in the fifth column, would also slow the rate of growth to a low of about 0.4 percent per year above inflation, but for a longer period of time than under AIME indexing, then would gradually increase to 0.5 percent per year by the end of the 75 year valuation period. The sixth column shows benefit amounts under the combination of AIME and Bend Point Indexing. The PIA Factor indexing benefit amounts shown in the last column brings the real growth of benefits to zero for the average worker.
Of course, the definition of an "average earner" varies by cohort. Specifically, due to assumed real wage growth over time, later cohorts are assumed to have higher real earnings than earlier cohorts. A constant real benefit, when applied to a higher average level of average earnings over time, leads to a decline in average replacement rates. Table 3 illustrates this, showing the retirement benefit expressed as a percentage of pre-retirement earnings. Under the current law benefit formula, replacement rates remain constant for individuals retiring at the Full Retirement Age. Under all other methods replacement rates would fall over time, with the largest decline coming from the bend point factor indexing.
Some of the confusion over the definition of price indexing arises from the fact that the earnings of an "average" worker are different for each cohort. As shown in table 3, a fixed real benefit for an average worker translates into a lower replacement rate for later cohorts due to the growth in average real earnings across successive cohorts. This implies that a fixed real earnings profile would fall ever lower in the earnings distribution as the years go by. Table 4 illustrates the benefits that would be paid to individuals retiring at different times but having the same earnings in inflation-adjusted dollars. These calculations differ from those in Tables 2 and 3, which showed individuals with earnings that were the average in the period in which they were employed, resulting in those retiring in later years having higher real earnings. Table 4 shows a fixed real earnings profile at different periods in time.
Under current law, benefits paid for the same level of constant real earnings rise at roughly 0.4 percent to 0.5 percent per year. This occurs because the bend point dollar amounts are indexed to wage growth, and thus a higher fraction of these earnings become covered by the 90 percent PIA factor in later cohorts. AIME indexing would slow real benefit growth for roughly forty years, eventually resulting in negative growth for a few years, after which the growth rate would return to the 0.5 percent annual growth rate contained in current law. Bend Point Indexing would maintain a constant benefit over time for those with constant earnings. This approach, therefore, "price indexes" benefits for a fixed real earnings stream. Note that as we saw in Table 2 , however, this implies that a worker with average earnings for their cohort would see continued growth over time. The combination of AIME and Bend Point Indexing would reduce benefits to below the rate of inflation for roughly forty years, after which benefits would remain constant for a given real wage profile.
PIA Factor Indexing, which produces constant real benefits for the average earner, would decrease the benefits for the fixed earnings profile to a rate of about 0.5 percent below the growth in prices for the valuation period. Thus, the benefit is fixed in real terms for a worker at the same point in the earnings distribution, but declines for a given level of real lifetime earnings.
The Effect of Price Indexing on Replacement Rates
The degree of "progressivity" of the Social Security system is the subject of some controversy in the literature. If one were to assume that all individuals have identical survival probabilities and that an individual's AIME is a good indicator of lifetime economic status, then the Social Security retirement benefit formula would clearly result in a progressive system. This is because the ratio of PIA/AIME is a declining function of AIME. In other words, the Social Security benefit formula is designed to replace a higher fraction of pre-retirement earnings for lower income individuals.
Recent research has clearly shown, however, that having the PIA/AIME ratio decline with AIME is not sufficient to ensure overall progressivity for several reasons. First, it has been well-documented that higher income individuals have, on average, lower mortality rates. As a result, they tend to receive their monthly benefit check for more months. Second, individual AIME is not always a good indicator of the lifetime economic resources available to the individual. This is because the AIME calculation excludes a variety of relevant economic factors, such as the labor earnings of one's spouse as well as non-labor income. Determining progressivity is made all the more complex when one considers the spousal and dependent benefits available from Social Security.
For example, consider a college-educated woman with strong earnings potential who is married to a high earning spouse. If, over the course of her career, she voluntarily chooses to have only intermittent attachment to the formal labor market, she would enter retirement with a relatively low AIME. Based on her low AIME, she would receive a high replacement rate, because most, if not all, of her AIME would fall below the first bend point and thus be credited with a 90 percent replacement rate. When evaluated on an individual basis, this may look like a progressive policy because this low-income individual just received a higher replacement rate.
But when evaluated on a household basis, for example, the system is effectively providing a high replacement rate to a member of a high earning household.
Despite the complexities of evaluating overall progressivity, the comparisons of PIA/AIME across the AIME distribution is still of some value, if for no other reason than that this is an important input into broader progressivity calculations. As such, while one must view such comparisons with some caution, we proceed with a comparison of replacement rates across different points in the AIME distribution for each of the four indexing methods. Of course, even this simple comparison requires caution, as two of the methods (1 and 3) alter the calculation of the AIME itself.
Indexing past earnings to prices
Changing the indexing of past earnings to prices instead of wages (used in methods 1 and 3) has two effects on the AIME. First, assuming positive real wage growth, it unambiguously reduces the AIME of all workers. Reducing the AIME for all workers has a direct effect on the extent of redistribution, because it reduces benefits more for lower income individuals than higher income individuals. This arises because of the progressive bend point dollar amountsfor a given reduction in AIME, a person with an AIME below the first bend point would receive 90 cents less for every dollar decrease in their AIME while a person with earnings over the second bend point would receive only 15 cents less for every dollar decrease in their AIME.
Second, relative to current law, price indexing earnings in the AIME calculation increases the weight on earnings at older ages and decreases the weight on earnings at younger ages. This means that workers with relatively flat age-earnings profiles will experience a larger percentage decline in their AIME than workers with a more positively sloped profile. Burtless et al (1999) show estimated age-earnings profiles for five education groups, and provide strong evidence that the age-earnings profile is much steeper for individuals with higher levels of education than for lower levels of education. For example, they find that "among men with the least schooling attainment, relative earnings begin to fall as early as age 40" while "men who have completed college do not experience sizable relative earnings declines until their 50s." Because individuals with lower levels of education have lower average earnings and flatter age-earnings profiles, the switch from wage to price indexing of past earnings will result in proportionately larger declines in their AIMEs.
Indexing the Bend Points
Changing the indexing of the bend point dollar amounts results in non-monotonic percentage reductions in replacement rates across the AIME distribution. Figure 4 provides a graphic depiction of the PIA formula at a future point in time under wage (OLD) versus price (NEW) indexing of the bend points. As illustrated by figure 4, beneficiaries whose AIME falls below point A (the new first bend point under price indexing) would not be affected. This is because all of their AIME would still be multiplied by a PIA factor of 90 percent. All workers above the new first bend point would receive some reduction in benefits relative to wage indexing, because all income that was below the first bend point when wage indexed (point B)
but above the price indexed bend point (point A) will have that marginal income replaced at a rate of 32 percent instead of 90 percent. This means there is some additional progressivity built into the system, because the lowest income individuals are spared any benefit reduction.
However, as we move up the AIME distribution, all workers who earn more than the old first bend point (B) and less than the new second bend point (C), experience the same dollar reduction in benefits. However, this means that this fixed benefit reduction (equal to the vertical distance between the two lines) is a larger percentage change for individuals with a lower AIME.
Graphically, individuals with AIME just above B will experience a much larger percentage reduction in benefits than individuals with AIME just below point C. A similar phenomenon occurs above point D -the old second bend point. The net result is non-uniform benefit changes, such that those individuals who have an AIME that is right at, or slightly above, the existing bend point dollar amounts experience the largest percentage reduction in benefits.
In the long-run, if average earnings continue to rise faster than prices, an ever larger fraction of the AIME distribution will lie above both bend points, which leads to an ever-larger share of earnings being replaced at the 15 percent rate instead of the 90 percent or 32 percent rate. Indeed, in the very long run, the replacement rate of the entire distribution of workers asymptotes to a single 15 percent rate. Thus, while the percentage benefit reductions are very uneven across the distribution of AIME in the short run, the long run effect is to collapse the system to a nearly linear benefit level with a 15 percent replacement rate, meaning that at some point nearly all retirees would receive a roughly equal percent of their earnings back in the form of a Social Security benefit. The progressive design of the current formula, in other words, would be reduced to a nearly linear formula offering an effective flat rate benefit.
AIME / Bend Point Indexing
Method 3 is simply a combination of methods 1 and 2. Price indexing earnings in the AIME formula still has the effect of increasing the relative weight of later earnings, which can be regressive if the age-earnings profile is flatter for lower income individuals. Layered on top of this is a change to the bend point dollar amounts that has the largest percentage effect on those nearest the bend points.
Indexing the PIA Factors
In contrast to the other approaches, PIA Factor price indexing would reduce the PIA by the same percentage at all points in the AIME distribution. Higher earners would continue to receive lower benefits relative to their pre-retirement earnings than would lower earners, thus preserving the basic redistributive feature of the current formula.
Of course, in the very long run, as wage growth continues to outpace inflation, the replacement rates under this approach asymptote to zero, as does the payroll tax rate required to sustain the benefit payments. Alternatively, once the level of program expenditures are low enough to be fully financed by the existing 12.4 percent payroll tax rate, benefits could once again be permitted to grow in real terms at a rate determined, in part, by the rate of growth in payroll tax revenue.
Effect of Alternative Approaches on Long-Term System Finances
The previous two sections focused on how changes to the benefit formula would affect benefit levels and distribution. The other side of the coin, however, is program cost. Because the level of benefits scheduled under current law are higher than can be sustained by existing tax rates, it is essential to also consider the effect of alternative methods of price indexing on total system costs. Not surprisingly, the four alternative methods have very different implications for the long-run financial situation facing Social Security.
For purposes of this paper, we will summarize the fiscal effect of these alternative policies by examining the 75-year actuarial deficit. This measure has long been used by Social Security actuaries as a summary measure of the long-term status of the system. It is, however, far from a perfect measure, and in many cases can providing a misleading view of the net fiscal effects of certain reform options that make important changes outside of the 75-year window (Gokhale and Smetters 2005) .
For example, consider a reform option, such as an expansion in Social Security coverage to new state and local workers, that increases revenue immediately, but which increases the longterm liabilities of the system. Even if this expansion in coverage were actuarially fair for every new participant, and thus had no effect on the present value of Social Security's deficits, it could still lead to an improvement in the 75 year actuarial balance. This occurs because the arbitrary 75-year cap on the calculation effectively counts 75 years worth of additional tax revenue, but only counts a fraction of the additional benefits that are accrued during this period. PIA Factor Indexing (Method 4) would eliminate 2.36 percentage points of the shortfall, and would achieve solvency in perpetuity. Indeed, this approach reduces long-run costs by more than enough to ensure sustainable solvency, and results in large and growing surpluses in the distant future. Thus, either tax rates could be reduced or benefits could be increased above what is assumed in this calculation. Of the four methods, therefore, PIA Factor Indexing is the only one that has been projected to eliminate the entire financing shortfall facing Social Security.
Further Policy Discussion
This paper has focused on four alternative methods of price indexing Social Security benefits. Of the four methods considered, PIA Factor Indexing generates the largest cost savings for the Social Security system. It does so by reducing the rate of growth of benefits by a roughly equal percentage across the entire earnings distribution, thus maintaining approximately the same relative redistribution as current law.
Of course, the flip-side of the substantial reduction in long-term program expenditures is that PIA Factor Indexing also generates the largest reductions in future replacement rates.
Indeed, even though the real level of average benefits remains fixed, the average replacement rate asymptotes toward zero in the very long-run. As a result, if a large subset of future beneficiaries continued to rely on Social Security for most or all of their retirement income, this group would likely experience large declines in their relative standard of living at retirement. Of course, as the replacement rates decline over the long-run, so do the payroll tax rates required to keep the system in annual fiscal balance. In order to avoid this, initial benefit levels could be permitted to start growing once again after the system is back into annual fiscal balance.
In general, as we have already noted, it is important to consider more than just the cost savings from any change to the benefit formula. For example, one's choice of approaches also ought to reflect such considerations as benefit adequacy and redistribution both within and across cohorts. Each approach to price indexing, for example, has different effects and is therefore consistent with different policy purposes.
Another important factor to consider is the effect of reform on the stability of system finances in the face of unexpected future changes in economic or demographic assumptions. For example, the "de-linking" of benefit growth from wage growth, while allowing tax revenues to continue to rise with wages, is the mechanism by which PIA Factor Indexing results in substantial long-run cost savings. However, this approach also increases the degree of sensitivity of Social Security's finances to unexpected changes in these economic parameters. Unexpected increases (decreases) in real wage growth will have a much larger positive (negative) effect on long-run fiscal balance under price indexing than under wage indexing of benefits. In this sense, holding the expected size of any fiscal imbalance fixed, a system in which benefits and taxes are effectively indexed in the same way leads to a more stable outcome than a system in which revenues rise with wage growth while benefits do not. In short, a move to price indexed benefits will result in a system that is less resilient to unexpected earnings changes. It is worth noting that the same level of expected cost savings could be achieved without decreasing stability by simply choosing a pre-determined path by which the PIA factors are reduced that is not conditioned on ex post realizations of wage and price growth.
There are at least three other important factors that ought to be considered in a complete analysis of any reform proposal, including those that utilize price indexing. While an analysis of these factors is well beyond the scope of this paper, we highlight these issues here. The first is that any method to adjust future benefits may also affect the degree of political risk facing the program in the future. For example, the closer a policy comes to placing the program on a permanently sustainable fiscal path, the less likely it is that future changes will be required as a result of funding concerns. However, if a policy leads in the long-run to concerns about benefit adequacy or redistribution, political risk could increase.
Second, altering the Social Security benefit formula may influence labor supply decisions. For example, the clearer the perceived link between marginal benefits accrued from another marginal dollar of tax paid, the lower the efficiency costs of taxation. 19 As another example, if a reform alters the relative weight on earnings that occur earlier or later in life, this could influence the desirability of labor force participation near retirement.
Third, changes to the benefit formula, by altering the path of program expenditures over the long-run, can affect national saving, particularly in comparison to alternative approaches to bringing the system back into actuarial balance. As indicated by recent CBO analyses, this in turn can affect the level of GDP growth.
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Conclusion
Without changes the Social Security program is expected to be able to pay only 74 percent of scheduled benefits to beneficiaries by 2041. Changing the way retirement benefits are calculated through price-indexing has been proposed as a way of partially correcting this longterm shortfall. This paper describes the alternative methods that could be used to price index initial Social Security benefits for future retirees, analyzes the changes in benefits and replacement rates for future retirees that would result from each approach, and provide estimates of their relative impact on program solvency. We also discuss some of the policy trade-offs that would be inherent in the choice of a price indexing tool.
Of the four methods we examine, PIA Factor Indexing would do the most to slow the growth of initial benefits for future retirees, would change benefits for future retirees at approximately the same rate for all levels of wage earners, and would keep the system growing at the level of price changes for the foreseeable future. However, PIA Factor Indexing would over time, greatly reduce the replacement rate available through Social Security, and would potentially increase the sensitivity of system finances to unexpected changes in relevant economic parameters. 20 The CBO estimated that implementation of President's Commission model 2, which includes PIA factor indexing as well as personal accounts, would increase GDP by 3-4 percent by the year 2080 relative to a Trust Fund financed baseline. In contrast, the Diamond-Orszag proposal would reduce GDP by 1.5 percent relative to the same baseline (Congressional Budget Office, 2004a and 2004b Replacement rates computed for beneficiaries in their initial year of retirement as the ratio of the PIA to the AIME amount, and assuming benefits would be collected at the normal retirement age. 
